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mimlm tmM\ to 

QmUmftmMm Requirmimte 

What is the James Webb Space Telescope (JWST)? 
What is JWST’s mission? 

How does contamination effect the JWST mission, 
its science performance? 

- Sensitivity 

- Stray Light 

- Transmission 

Derivation of JWST Contamination Requirements 
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Wmk is JWSTt Whf is Contamination m Issue? 

• JWST is a large, passively cooled, 6.5 m diameter telescope 
operating from ~0.6 pm to 29 pm designed to detect First Light in 
the Cosmic Dark Age, and to 

- study the reionization initiated by the First Light, 

- the assembly of galaxies, 

- the birth of stars and protoplanetary systems, 

- planetary systems and the origins of life. 

• Passive cooling means an open architecture 

- Large exposed sensitive areas 

• Detection of First Light leads to the need for the large optical 
collection area, which must also be very sensitive 

• Long wavelengths means 

- telescope is cold, 30-50 K optics temperature 

• need to be very careful about venting and cool-down profile 

- Stray light is a key issue 

• mirrors will require stringent particulate requirement 
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Worn 


First Light (After the Big Bang) 

First luminous objects, proto- 
galaxies, supernovae, black holes 



Assembly of Galaxies 

Merging of proto-galaxies, effects 
of black holes, history of star 
formation 


Birth of Stars and Planetary 
Systems 

How stars form and chemical 
elements are produced 


Planetary Systems and Origins 
of Life 

Formation of planets 


« » **» 


WMAP COBE ~ JWST 
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13.7 billion years (Th e Present) 


HST 






First light sources : detection 

WMAP indicates that there may sources at z= 15-20 -» 
extended reiomzation or two reionization epocns (e.g. Cen 
2003). 

Extended reiomzation 
with t in the range 
0.09-0.17 gives first 
light between 16 and 
50 even if reionization 
is completed atz=6. 



x = 0.09 


Probing the LF to the same relative depth as that of z=6 from 
the UDF gives us a required depth: 


.lass, 


30.234 
30.551 
30 365 
31.267 


Fv (rWy) /. ((^m) 
2.®: *.34 

2.19 1.53 

1.63 1.95 

1.13 2.55 




First light sources : detection 


A first principle calculations gives 
us: 


Summarizing.... 


Method 

F200W depth (nJy) 


UDF relative depth 

163 for a-15. 1.13 fxr-20 

py 

Xor.-«Y©lvmr LF frosi z-6 

24fer=-13.1CSwr2-17 

Ab-initio 

0.2 for z-10 


Jarvuxy 31 2C3C 


From M. Stiavelli et al. JWST SWG, February’06 

The time it will take to measure a 1 nJy source - that of “First Light” at 2pm to a S/N =10 
is sensitive metric of the absolute science performance of the JWST mission. 

If stray light exceeds requirements and transmission does not meet requirements, the 
prime science mission of detecting First Light will be compromised. 

"IF 
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MIM T Wmlm R^quImm^nM 

• MR-51 

- Level 2 mission requirement for observatory sensitivity 

• Measured in W/m 2 Hz for SN and R values 

• Effects the integration time necessary to make an observation 

• Determined by calculation for each instrument; stray light levels and transmission 
effect sensitivity 


• MR-121 

- Level 2 mission requirement for stray light/particulate requirements 

• Stray light spectral radiance level measured in Mega Janskeys (MJy) 

- 1 MJy/sr = 1x10- 20 W/m 2 -Hz-sr 

• Particulate contamination increases stray light radiance 


• MR-211 

- Level 2 mission requirement for transmission 

• Optical transmission requirement, measured in % 

• The required % transmission accounts for transmission losses from coatings, 
dust, obscuration, meteoroid damage, and contamination 

• Thin film interference by NVR and water/ice and Percent Area Coverage (PAC) of 
particulates effect transmission 

12 
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The observatory system shall reach the sensitivity performance levels shown in the following 
table when observing a position on the celestial sphere that exhibits 1 .2 times the minimum 
Zodiacal light background power as calculated in the NIRCam, NIRSpec, MIRI, and FGS-TF 
Sensitivity Calculations. 


Wavelength 

(Mm) 

Instrument/Mode 

Sensitivity 

1.15 

NIRCam/WFS 

1.10 x E-31 Wm^Hr 1 SN=10 in 10.6 s or less & R=4 bandwidth 

2 

NIRCam 

1 .14 x E-34 Wm^Hz- 1 SN=10 in 10,000 s or less & R=4 bandwidth 

3.5 

FGS-TF 

1 .26 x E-33 Wm' 2 Hr' SN=1 0 in 1 0,000 s or less & R=1 00 bandwidth 

3.0 

NIRSpec/Low Res 

1 .32 x E-33 Wrrr 2 Hr 1 SN=1 0 in 1 0,000 s or less & R=1 00 bandwidth 

2.0 

NIRSpec/Med Res 

5.2 x E-22 Wm^Hz" 1 SN=1 0 in 1 0,000 s or less 

10 

MIRI/Broad-Band 

7.0 x E-33 Wm' 2 Hz _1 SN=1 0 in 1 0,000 s or less & R=5 bandwidth 

21 

MIRI/Broad-Band 

8.7 x E-32 Wm^Hz' 1 SN=10 in 10,000 s or less & R=4.2 bandwidth 

9.2 

MIRI/Spectrometer 

1 .0 x E-20 Wm^Hz* 1 SN=1 0 in 1 0,000 s or less & R=2400 bandwidth 

22.5 

MIRI/Spectrometer 

5.6 x E-20 Wm^Hz -1 SN=10 in 10,000 s or less & R=2400 bandwidth 


1 JWST Mission Requirements Document, JWST-RQMT-00634, Revision N, 30 August 2006 
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History of dftainigiiiogj sensitivity of JWST at 2 imicrrw 
- maWiy du@ to to© increased aHooaftton tor atony NgM 



Sfcrmf Light it a mmtm @f JWST 

ttotiti¥% IJ@tt f@r UR TtlJttt@ptt 


• Violation of the stray light requirements has been one of the 
greatest threats to meeting JWST’s sensitivity requirements. 

• Contributions to stray light 

- Zodi background (infield) 

- Zodi background (out field) 

- Galactic sky 

- Earth & moon 

- Nearby bright field stars 

- Rogue path 
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SNR = 


S 

-\J S “I - Z SLqj£ + SL isim + ~D + Rd 


■ S = target signal 

■ Z = zodiacal background 

■ SL ote = stray light background signal from OTE/SC 

■ SL lslM = stray light from background signal from ISIM 

■ D = total integrated dark current 

■ R = read noise (variance) 
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When observing a position on the celestial sphere that exhibits 1 .2 times the 
minimum Zodiacal light background radiance, the stray light incident into an 
instrument acceptance cone at the instrument pickoff mirror shall be less than 
an equivalent background in the field of view having a spectral radiance at the 
wavelengths and exclusion angles given in the table below. 


Radiance 

(1 x 10- 20 W/(m 2 -Hz-sr) 
(MJy/sr) 

Exclusion Angle (degrees) 


/ 10 \ 

0.50 

0.25 

0.10 

Wavelength 

(Mm) 

2.0 


0.091 


0.044 

0.061 

0.598 

3.0 


^0.032 j 


0.035 

0.042 

0.326 


1 JWST Mission Requirements Document, JWST-RQMT-00634, Revision N, 30 August 2006 

Contamination & Coatings Workshop, 17-19 July 2007 


si of L&veH 

Level 550 
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Wavelength 

In-field Zodi 

Requirement 

Galactic Sky 

Zodi Sky 

Earth Shine 

Moon Shine 

Out-field Total 

(Mm) 

(MJy/sr) 

(MJy/sr) 

(MJy/sr) 

(MJy/sr) 

(MJy/sr) 

(MJy/sr) 

(MJy/sr) 

1 

0.138 

na 

0.039 

0.029 

0.096 

0.017 

0.181 

2 

0.094 

0.091 

0.037 

0.020 

0.054 

0.009 

0.120 

3 

0.081 

0.032 

0.022 

0.008 

0.033 

0.012 

0.075 

5 

0.46 

na 

0.019 

0.001 

0.454 

0.192 

0.666 


Level 630 


Wavelength 

(pm) 

In-field Zodi 
(MJy/sr) 

Requirement 

(MJy/sr) 

Galactic Sky 
(MJy/sr) 

Zodi Sky 
(MJy/sr) 

Earth Shine 
(MJy/sr) 

Moon Shine 
(MJy/sr) 

Out-field Total 
(MJy/sr) 

1 

0.138 

na 

0.045 

0.033 

0.115 

0.020 

0.213 

2 

0.094 

0.091 

0.046 

0.023 

0.067 

0.012 

0.148 

3 

0.081 

0.032 

0.026 

0.009 

0.036 

0.014 

0.085 

5 

0.46 

na 

0.022 

0.001 

0.480 

0.210 

0.713 


Level 720 


Wavelength 

(pm) 

In-field Zodi 
(MJy/sr) 

Requirement 

(MJy/sr) 

Galactic Sky 
(MJy/sr) 

Zodi Sky 
(MJy/sr) 

Earth Shine 
(MJy/sr) 

Moon Shine 
(MJy/sr) 

Out-field Total 
(MJy/sr) 

1 

0.138 

na 

0.062 

0.041 

0.156 

0.028 

0.287 

2 

0.094 

0.091 

0.062 

0.029 

0.091 

0.016 

0.198 

3 

0.081 

0.032 

0.034 

0.011 

0.047 

0.018 

0.110 

5 

0.46 

na 

0.027 

0.001 

0.533 

0.244 

0.805 


T5" 
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Th% ParfSeuilJati 


♦ Further stray light analyses were performed, and from the numbers the 
senstivity calculated. 

♦ In April 2006, the cleanliness requirement was set at Level 630 (or 1% PAC) 
for the Primary Mirror (PM) and Secondary Mirror (SM), Level 550 (or 0.5% 
PAC) for the Tertiary Mirror (TM) and the Fine Steering Mirror (FSM) 

♦ Further stray light analyses have been performed, as design improvements 
were made 


Stray Light as of March 2007 - PM & SM at Level 630, TM and FSM at Level 550 


12Zod 


m 

Infedzcd 

(MVsr) 

Reqiemert 

(MVsr) 

GetecfcSy 

(MVsr) 

ZbcJSty 

(MVsr) 

EMt9ine 

(MVsr) 

MxnSine 

(MVsr) 

rn^^l @1 0 
(MVsr) 

QjtfcbTdsI 

(MVsr) 

at/ In 
1%) 

1 

Q133 


0.060 

0.028 

o.oce 

0008 

0.004 

£412 

84.1% 

2 

Q091 

( 0.001 \ 

0.061 

0.018 

0.004 

0001 

0.004 

( OC68\ 

968% 

3 

Q083 

VO.OG2 ) 

0047 

0.011 

0.0C5 

0008 

0.004 


84.3% 

35 

Q078 

75" 

0.010 

0.018 

0.008 

0006 

0.004 

Wfc 

94.9% 

5 

0446 

na 

0.029 

0.101 

0274 

0063 

0004 

Q471 

1056% 


Eathat3Q5 j fvtaa455 j 
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• Prediction of particulate level at time of launch indicated that to 
meet 1% PAC on the Primary Mirror, aggressive mirror covering 
techniques would be required - very undesirable to optics group 

• The same analysis predicted that 1.4% EOL could be met without 
extreme protective measures 

• Systems engineering evaluated relaxing the requirement to 1.5% 
PAC on the Primary Mirror, and tightening the requirement to 0.5% 
PAC on the Secondary Mirror 

- The PM is integrated cup-up, is very large and is segmented, 
therefore it is much harder to maintain clean 

- This change would minimize risk and cost 


20 
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Amty&m m 3 Casts 




Baseline (SDR4) 
PMSMPAC1% 
TMF5M0£% 

Alternatives 

Comments 





Casel 

Case 2 

Case 3 

Rank 

Path 

% 

MJ/sr 

MJ/sr 

MJ/sr 

MJ/sr 

1 

FPA*-PCMFSM-lMmS<Y 

33.58% 

0.028528 

0.026528 

0.000000 

0.000000 

Case 2 and 3 assure elimination of truant path by FMdcseouts 

2 

FPA'-fCIVU^ 

10.43% 

0.00824 

0.01236 

0.01236 

0.012360 

Case 1 assumes increase of FM dust PfiC to 1 .5% 

3 

FPA'-PCMFSMlMSMm doseout^SKY 

9.53% 

0.007529 

0.007529 

0.015057 

0.015057 

Case2and3doubletiTeaxtibutionsfathelaf^rFMdosecxJts 

4 

wA'-pcMFsmummsMST-sm 

7.29% 

0.005759 

0.005759 

0.005759 

0.005759 


5 


6.83% 

0.005396 

0.002698 

0.002698 

0.002698 

Case 1 decreases SMdust PAD to 0.5% 

6 


4.95% 

0.003911 

0.001955 

0.001955 

0.001955 

Case 1 descrease SM dust PACto 0.5% 

7 

FPA’-PCM-FSM mask-TM-SM-SKY 

4.74% 

0.003745 

0.003745 

0.003745 

0.000000 

Case 3 assures scatter from FSM IVbsk is dimnated 

8 


3.87% 

0.003057 

0.003057 

0.003057 

0.003057 


9 

FPA*-POMFsmMmma<y 

202% 

0.001596 

0.001596 

0.001596 

0.000000 

Case3 assures scatter fromFSM is elirrinated 

10 

FPA^-PmfmmSM-ACS BendvSKY 

1.98% 

0.001564 

0.001564 

0.001564 

0.000000 

Case 3 assures scatter from ADS bench is elirrinated 

11 

FW-PCMFSM nesk-TMSMSSCKY 

1.45% 

0.001146 

0.001146 

0.001146 

0.000000 

Case 3 assumes scatter from FSM Mask is elirrinated 

12 

FPAM^CMFSMTMSMFM baffle center-3^ 

1.33% 

0.001051 

0.001051 

0.001051 

0.000000 

Case 3 assumes scatter from FM Baffle is elirrinated 

13 

FPA'-PGM^TMSMm&y 

1.04% 

0.000822 

0.000822 

0.000822 

0.000822 


14 

f^A*4WFSM-TMS^S33<Y 

0.82% 

0.000648 

0.000324 

0.000324 

0.000324 


15 

FPA'-PCMFSMmmms^-sw 

0.79% 

0.000624 

0.000624 

0.000624 

0.000000 


16 

FPA'-PCMFSmMSrimSkY 

0.70% 

0.000553 

0.000553 

0.000553 

0.000553 


17 

fW-PCMfSM-TM^<r 

0.70% 

0.000553 

0.000553 

0.000553 

0.000553 


18 

FPA'-po^SMiMmmsmr-ss^ 

0.57% 

0.00045 

0.00045 

0.00045 

0.000450 


19 

FPA*-PCMSKY 

0.50% 

0.000395 

0.000395 

0.000395 

0.000395 


20 

FPA*-PCM-FSM rrask-mSKY 

0.47% 

0.000371 

0.000371 

0.000371 

0.000000 

Case 3 assures scatter fromFSM Mask is dirrinated 

21 

Residual 

6.41% 

0.005064 

0.005064 

0.005064 

0.005064 



Total 

100.00% 

0.079000 

0.078143 

0.099143 

0.049047 











Casel: Rda< PACon Pinery Mrror to 1 .5% and tighten SMoortamnation to 0.5% 





Case 2 Find RVldoseoagecrnatrythatelimnatestrijart path, andassunethescatterfronthesedo 
Case3: Birri nate\^ proper baffling scattered p^firniFSMIV^FMBaffle.SMST, etc 1 1 
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• Improvements to design (i.e. closeouts to stray light paths) and the 

combination of tightening SM requirement while relaxing PM requirement 
led to the following, most current requirements: 


Primary Mirror 

1.5 

%PAC 

Secondary Mirror 

0.5 

%PAC 

Fine Steering Mirror 

0.5 

%PAC 

Tertiary Mirror 

0.5 

%PAC 


• Systems engineering put conditions on these changes: 

- Stray Light and Transmission levels remain at their current required levels (no 
relaxation permitted for easing particulate requirement) 

- Design features to improve stray light performance must continue to be 
pursued 

- The analyses used to accept the change is correct and does not change 
significantly in the next round of analyses 

- No degradation of the OTE transmission error budget is incurred because of 
this change 
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Th© m\ BujdJ§©t 


Equally critical to Observatory Sensitivity 
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Accounting for all effects on mirror transmission including: coatings, dust, obscuration, 
meteoroid damage, and contamination, the End of Life (EOL) optical spectral transmission 
of the OTE shall be greater than the values shown in the following table for wavelengths 
between 0.8 micrometers and 2.0 micrometers, and greater than 88% for wavelengths 
from 2.0 micrometers to 27 micrometers, with transmission out to 29 micrometers as a 


Transmission 


Wavelength 

(|jm) 


JWST Mission Requirements Document, JWST-RQMT-00634, Revision N, 30 August 2006 
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Signal Laval Is Oapandant am Transmission 


S = F v -Av-r ole -A- T instr ■ QE ■ f exp /(h ■ v) 

■Signal calculation given for either frequency or wavelength spectral irradiances 

- F v = spectral irradiance (per frequency) 

- F x = spectral irradiance (per wavelength) 

- Av = spectral bandwidth (frequency) 

- AX = spectral bandwidth (wavelength) 

- texp = total integration time (100,000 seconds) 

- A = collecting aperture area 

- t ote = transmittance of the OTE optics 

- x instr = transmittance of the instrument 

- QE = quantum efficiency of detector 

- v = frequency 

- k = wavelength 

- h = Planck’s constant 

- c = speed of light 

. 25 
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NVR mti\ WMWMm Sicpil omfo Source 

Loss fm JWST 
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WAVELENGTH [fim) 

Fir. 1 1 . ('<.», p.Ut.Lm of real Id) (c! and imaginary id) (0 port* ol - the rclrnctiv* lodes uf it* lh ut V - -7*C lor \ < I6'**<cn mid a: jour tcm ■ 
p«MUire» for ,\ > Jfi? am. Out.i M>uw« .mil ntwrrtumlirs are dUcumitd inltw l»*i- Th«m> £rnpl» .in- ulmlolnj in Tjtitrrl uiic IL The djir.cC 
lira* in ini sheas the mult* ol' Sc id ri at , T which dtfltr from our compil.iliie-. a* dincuuwd In Sec. IX J the text ‘i'hc d<u'n.-d lira- in (h) similarly 
ah own the rtsuloiof Sclumf.mil V.'illiuns, •# In (0 the curve* x'vu sulijoeUvc inlrrpnUtifin between the data points shown. 
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• Calculate the transmission for each mirror 

• Reflectance using a contamination and ice modified stack 

- Angle of incidence effects 

• PAC for each mirror 

• Both polarizations 
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Bmrr It Nj<at a Mm (At Mmt tor tjhlt iipptati©Pj| 

• Beer’s Law ignores almost all of the physics going on 

- Polarization 

- Multiple reflections 

- Protective layer 


- 0.35 

- 0.7 

- 1 . 05 - 

- 1 
- 1.75 
- 2.1 

























'v 

V. 





































TFI s polarization 

TFI p polarization 









" TF 

BL 

I r polarization 
, for p polarization 
. for s polarization 









BT 










0.4 


1.6 2 2.4 

Ice Film Thickness [nm] 


2.8 
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Thini Film CMmMimm 


• The mirror (clean or contaminated) is treated 
as a system of films on a gold substrate 

• The reflectance depends on 

- Optical properties of the gold, SiOx and the 
contamination 

• Complex index of refraction 

- Gold and SiOx (Si02) from Palik 

- Ice from Warren 

- NVR-” literature” 

- Angle of incidence, polarization and 
wavelength of the incident light 

• Have calculation of mirrors (thin film analysis) 
that includes all of the above effects 

• Mathcad file 

• Used to calculate reflectance of mirrors at 
various AOI, ice and NVR films 

30 
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0 • uf H <9 a So m 



Since the indices of NVR is 
specific to the species and 
the species are unknown, so 
are the relevant n and k 
values 

Inserted n and k for an NVR 
layer in the TFI calculation 
and determined the thickness 
to lose 1% reflectance at 
normal incidence 

From the literature, we can 
assume and likely species 
have an n and k in the green 
circle 

- ~ 8 nm thickness for 1% 
loss 

- Assume 1.2 g/cc density 

- 1 mg/cm2-> Level A 


1% Loss Contours @ /.=2 urn 



Contamination & Coatings Workshop, 17-19 July 2007 



Reflectance (Intensity) @ Vaccum-fvlaterial Interface 
Normal incidence 



Table L EOL Cleanliness R.ecuirement$ for OTE Mirrors 


Mirror 

F araculate 

(Percent Area Coverage. ?AC) 

Molecular 
(angstroms, A) 

Water Ice 
(angstroms. A) 

Amorphous C arson 
(angstroms. A) 

PM 

1.0 (TBR) 

20C (TBR: • 1 

200 (TBR) 

50 (TBR) 

SMA 

1.0 (TBR) 

20C (TBR) ,v ' 

200 (TBR) 

50 (TBR) 

TMA 

0.5 

200 (TBR) n 

ICO (TBR) 

N/A 

FSM 

0.5 

200 (TBR) ,:1; 

0 .(TBR) 

N A 


(I) 2 GO Angstroms i: equivalent to Level B per IEST-S7D-CC 1246D a: suiriag a uniform molecular film of unit density 


For conversions, refer to Appendix D. 

(2) The values specinec for the OTE Primary Minor are representative of an average of the IS FMSAs. 


PM now 1 .5%, SM now 0.5% 
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2007.05.01 Budget (CCP Table 1 compatible! 


mirror 

reflectivity 

k (Atm) 


0.8 

1.0 

1.5 

2.0 

3.095 



coating 

0.960 

0.970 

0.975 

0.980 

0.986 

spec * 


particulate 

0.990 

0.990 

0.990 

0.990 

0.990 

1.0% PAC ' 

PM 

nvr 

0.991 

0.996 

0.998 

0.999 

0.995 

20 nm 

ice 

0.995 

0.998 

0.999 

0.999 

0.990 

20 nm 


carbon 

0.997 

0.998 

0.999 

1.000 

1.000 

5 nm 


//-meteor 

1.000 

1.000 

1.000 

1.000 

1.000 

0.003% est^ 


coating 

0.960 

0.970 

0.975 

0.980 

0.986 

spec * 


particulate 

0.990 

0.990 

0.990 

0.990 

0.990 

1.0% PAC " 

SM 

nvr 

0.991 

0.996 

0.998 

0.999 

0.995 

20 nm 

ice 

0.995 

0.998 

0.999 

0.999 

0.990 

20 nm 


carbon 

0.997 

0.998 

0.999 

1.000 

1.000 

5 nm 


//-meteor 

1.000 

1.000 

1.000 

1.000 

1.000 

0.003% est7 


coating 

0.960 

0.970 

0.975 

0.980 

0.986 

spec * ^ 


particulate 

0.995 

0.995 

0.995 

0.995 

0.995 

0.5% PAC ' 

TM 

nvr 

0.991 

0.996 

0.998 

0.999 

0.995 

20 nm 

ice 

0.998 

0.999 

0.999 

1.000 

0.996 

10 nm 


carbon 

1.000 

1.000 

1.000 

1.000 

1.000 

none 


//-meteor 

1.000 

1.000 

1.000 

1.000 

1.000 

0.003% est.^ 


coating 

0.960 

0.970 

0.975 

0.980 

0.986 

spec * 


particulate 

0.995 

0.995 

0.995 

0.995 

0.995 

0.5% PAC " 

FSM 

nvr 

0.991 

0.996 

0.998 

0.999 

0.995 

20 nm 

ice 

1.000 

1.000 

1.000 

1.000 

1.000 

none 


carbon 

1.000 

1.000 

1.000 

1.000 

1.000 

none 


//-meteor 

1.000 

1.000 

1.000 

1.000 

1.000 

0.003% est" 

TOTAL 

0.781 

0.836 

0.867 

0.889 

0.880 


REQUIREMENT ' 

0.615 

0.750 

0.820 

0.880 

0.880 

< • 


* Assumes intrinsic extrapolated improvement of gold with increasing wavelength 


Coating specification 
Contamination Control Plan 

flight environment degradation 


• Coating based on SBMD 
measured data 

• Particulates and NVR 
based on contamination 
control modeling anchored 
to past experiences 

• Ice based on preliminary 
analyses based on thermal 
cool-down modeling and 
anticipated water content 
of materials at launch. 
These analyses are being 
refined. 

• Carbon is a conservative 
estimate based on similar 
data obtained from GOES 

• Micrometeoroid data 
based on L2 environment 
and hypervelocity testing 
of mirror samples 


MR-211/OBS-102 

34 


Contamination & Coatings Workshop, 17-19 July 2007 


Partfcutat© Coverage it Estimated from 

SohjodJuiUo 


• For each stage of l&T the duration and location of activities is 
known 

• Using an estimate (requirement) of allowed fallout the incremental 
increase in percent areal coverage (PAC) is determined 

• The main effects of particulate coverage is in loss of transmission 

- Wavelength independent 

• The AI&T schedule gives a prediction of the pre-launch particulate 
load on each mirror 

• A redistribution analysis is also conducted to see where the 
particles are likely to be after launch 
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Reflectance 






V2 Polarization V3 Polarization 


• Calculate the transmission for each mirror 

• Reflectance using a contamination and ice modified stack 

- Angle of incidence effects 

• PAC for each mirror 

• Both polarizations 
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Transmission comparison between clean and dirty mirrors 
Clean: SiOx = 0.050 jj.m Ice = 0.00 j^m 
Dirty: SiOx = 0.050 ^m Ice = [PM:0.020 SMA:0.020 TMA:0.010 FSM:0.00] ^m 



Delta Transmission 
(Dirty - Clean) 
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• JWST is a challenging mission in all respects 

• Science performance is sensitive to contamination levels 

• Mission demands open architecture 

• Open architecture places greater emphasis on 
contamination requirements 

• Contamination requirements established are directly 
derived from the Mission requirements 
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